Abstract We combined the (K s , J − K s ) data in Laney et al. (2012) with the V apparent magnitudes and trigonometric parallaxes taken from the Hipparcos catalogue and used them to fit the M Ks absolute magnitude to a linear polynomial in terms of V − K s colour. The mean and standard deviation of the absolute magnitude residuals,−0.001 and 0.195 mag, respectively, estimated for 224 red clump stars in Laney et al. 
it is known that they are abundant in the solar neighbourhood. This sample of RC stars provides accurate absolute magnitude estimation due to their parallaxes which can be used in testing their suitability for a distance indicator. A mean absolute magnitude in any band with small scattering can work for the purpose of the researchers. Many works has been carried out for optical and near infrared bands such as V , I and K s . Their absolute magnitudes in the optical range lie from M V = +0.7 mag for those of spectral type G8 III to M V = +1 mag for type K2 III (Keenan & Barnbaumet 1999) . The absolute magnitude of these stars in the K band is M Ks = −1.61±0.03 mag with negligible dependence on metallicity (Alves 2000) , but with real dispersion. Grocholski & Sarajedini (2002) claimed an absolute magnitude for the RC stars rather close to the one just cited here, with some limitations however. Based on 14 open clusters, they draw the conclusion that for clusters having −0.5 < [F e/H] ≤ 0 dex and 1.58 ≤ t ≤ 7.94 Gyr, one can use < M Ks >= −1.61 ± 0.04 mag.
The dependence of the I-band magnitude on the RC stars was extensively studied in the past from an observational point of view. In most cases the M I mean absolute magnitude is insensitive to age and metallicity (Udalski 1998). However, a modest variation in M I with colour and metallicity has been claimed in the literature (Paczynski & Stanek 1998; Stanek & Garnavich 1998; Sarajedini 1999; Zhao et al. 2001; Kubiak et al. 2002) . Theoretical models from Girardi & Salaris (2001) also show a dependence of metallicity and age in I band. Salaris & Girardi (2002) stated in their study based on the models of Girardi et al. (2000) that M K is a complicated function of metallicity and age.
In a recent work, van der Helshoecht & Groenewegen (2007) used the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006 ) infrared data for a sample of 24 open clusters to investigate how the K s -band ab-solute magnitude of the red clump depends on age and metallicity. They showed that a constant value of M Ks = −1.57 ± 0.05 mag is a reasonable assumption to use in distance determinations for clusters with metallicity between −0.5 and +0.4 dex and age between 0.31 and 7.94 Gyr. Following this work, Groenewegen (2008) claimed two absolute values in different bands for the RC stars, i.e. M Ks = −1.54 ± 0.04 and M I = −0.22 ± 0.03 mag, where the estimations were based on newly reduced the Hipparcos catalogue van Leeuwen (2007) .
In a more recent work, Laney et al. (2012) determined the mean M K absolute magnitude for RC stars in the solar neighbourhood to within 2 per cent (M K = −1.613 ± 0.015 mag) and applied their results to the estimation of the distance of the Large Magellanic Cloud. A mean value for the M K absolute magnitude with weak or negligible dependence on metallicity makes possible to use this population as a tracer of Galactic structure and interstellar extinction, as several works have fully demonstrated in the last decade (see for example Lopez-Corredoira et al. 2002 , 2004 Cabrera-Lavers et al. 2005 , 2007a ,b, 2008 Bilir et al. 2012 , and references therein).
In Bilir et al. (2013) the M V , M J , M Ks and M g absolute magnitudes of RC stars, identified by a set of constraints in the Hipparcos catalogue, were calibrated in terms of colour with BV I, JHK s and gri photometries. In the present paper, we will focus on a single absolute magnitude, M Ks , which is the most probable candidate for adopting as a distance indicator. Our aim is to calibrate the M Ks absolute magnitude as a function of colour. Thus, we expect more accurate absolute magnitudes relative to the procedure which adopts M Ks absolute magnitude as a constant value. The procedure is given in Section 2. The data and the relation between the colour and absolute magnitude are presented in Sections 3 and 4, respectively. The application of the procedure is devoted to Section 5, and finally a discussion is given in Section 6.
The Procedure
The absolute magnitude of a star is a function of luminosity class, temperature or colour, age and metallicity. As it is assumed that the RC stars are at the same evolutionary stage, all the RC stars are of the same luminosity class. Hence, we omit this parameter in the absolute magnitude estimation of the RC stars. Many studies are based on the Hipparcos catalogue (van Leeuwen 2007) which involves the solar neighbourhood stars. Using the Hipparcos catalogue is a constraint both in metallicity and age for the sample stars. This is the reason that the researchers claim weak dependence of the M Ks absolute magnitude on age and metallicity. Helshoecht & Groenewegen (2007) are 0.31 ≤ t ≤ 7.94 Gyr, and −0.5 ≤ [F e/H] ≤ +0.4 dex, respectively. However, one can include the metalpoor globular clusters such as NGC 1261 with metallicity [F e/H] = −1.35 dex into the sample used for M Ks absolute magnitude estimation of the RC stars. In this case, one expect metallicity-and age-dependent M Ks absolute magnitudes. Despite age and metallicity limitations for the data used for the M Ks absolute magnitude estimation, the range of the corresponding colour is large enough for considering in the estimation of the absolute magnitude in question. For example, the range of the V − K s colour of the data used in Alves (2000) and Laney et al. (2012) is 2 < V − K s < 3 mag. Then, one should consider the V − K s colour in the M Ks absolute magnitude estimation. That is, we expect more accurate M Ks absolute magnitudes for individual RC stars rather than a constant value for the whole sample.
Data
We used the data of Laney et al. (2012) for calibration of the M Ks absolute magnitude in terms of V − K s colour. There are 224 RC stars in the catalogue of Laney et al. (2012) . We provided the Hipparcos number, parallax, metallicity, K s magnitude, and M Ks absolute magnitude from the electronic version of the paper, and we added the V magnitude to this catalogue to obtain the V − K s colours instead of J − K s ones. The V magnitudes are taken from the Hipparcos catalogue. The relative parallax errors lie in the interval 0 < σ π /π ≤ 0.10 and their median is 0.03. The parallaxes were corrected by Laney et al. (2012) . The data are given in Table 1 . The columns give: (1) Current number, (2) Hipparcos number, (3) the corrected parallax, (4) [M/H] metallicity, (5) V apparent magnitude, (6) K s apparent magnitude, (7) V −K s colour index and (8) M Ks absolute magnitude. As in Laney et al. (2012) , we assumed no foreground reddening. Actually, the mean colour excess of 20 RC stars with Hipparcos number between 671 and 7643 in the catalogue of Laney et al. (2012) , estimated by the following procedure is only E(B − V ) = 0.017 mag. The E(B − V ) colour excess of 20 RC stars have been evaluated in two steps. First, we used the maps of Schlegel, Finkbeiner & Davis (1998) and evaluated a E ∞ (B − V ) colour excess for each star. Then, we reduced them using the following procedure of Bahcall & Soneira (1980) :
Here, b and d are the Galactic latitude and distance to the star, respectively. H is the scale height for the interstellar dust which is adopted as 125 pc (Marshall et al. 2006) . A ∞ (b) and A d (b) are the total absorptions for the model and for the distance to the star, respectively. A ∞ (b) can be evaluated by means of the following equation:
E ∞ (B − V ) is the colour excess for the model taken from the Schlegel, Finkbeiner & Davis (1998) . Then,
e. the colour excess for the corresponding star at the distance d, can be evaluated via the equation,
The colour excess E d (B − V ) and the classical colour excess E(B − V ) have the same meaning. The same case is valid for the total absorption A d and the classical absorption A V . The metallicities are given only for 100 RC stars. The diagram for M Ks absolute magnitude versus V −K s colour index is given in Fig. 1 . Most of the stars are concentrated in the region with 2.1 < V −K s < 2.6 and −2 < M Ks < −1 mag. However, there are about three dozen of stars beyond these limits. The extreme colours and absolute magnitudes belong to the RC stars with Hipparcos numbers 3781, 37901, 38211, 58697, 63608, 70306, 72471 . (Fig. 2) , indicating a thin disc sample. Hence, we preferred to use the whole sample in the calibration of M Ks absolute magnitude to V − K s colour instead of separating it into different metallicity classes.
The distribution of 80 per cent of the points in Fig. 1 is almost circular, while the complete figure gives the indication of a linear distribution. Also, the large scattering and the inhomogeneous number density hinder the selection of fitting type of the M Ks absolute magnitude in terms of V − K s colour. However, we considered all the points and fitted M Ks to a linear equation in terms of V − K s as in the following (Fig. 3) :
We evaluated the M Ks absolute magnitude residuals, i.e. the difference between the absolute magnitude estimated by using Eq.
(1) and the corresponding absolute magnitude in Table 1 , and compared them with another set of absolute magnitude residuals of the same stars evaluated by adopting the value −1.613 mag as the M Ks absolute magnitude for all RC stars. This value was claimed by Alves (2000) and Laney et al. (2012) (Karaali, Bilir & Yaz Gökçe 2013) , and use it in Eq. (4) we get an absolute magnitude fainter than 0.02 mag. The mean absolute magnitude residuals and the corresponding standard deviations for two sets are given in the third and fourth rows of Table 2 . The mean of the absolute magnitude residuals evaluated by adopting the constant absolute magnitude value M Ks = −1.613 mag, < ∆M Ks >=−0.053, is 53 times larger than the one evaluated by the linear equation, < ∆M Ks >=−0.001, in our work. Also, the standard deviation corresponding to the linear equation is smaller than the other one. However, the factor of the residuals in Fig. 4 is slightly higher than unity.
Application of the Procedure
We applied the procedure to the data in Alves (2000) . The catalogue of Alves (2000) involves 284 RC stars. We replaced the recent parallaxes and K s band magnitudes appeared in the Hipparcos catalogue with the old ones. The relative parallax errors lie in the interval 0 < σ π /π ≤ 0.11 and their median is 0.02. We used the following equation of Smith (1987) to correct the observed Hipparcos parallaxes (van Leeuwen 2007):
where π and π 0 are the observed and corrected parallaxes, respectively, and σ π denotes the error of the observed parallax. K s apparent magnitudes are not given for two stars, Hipparcos number: 33449, 46952. The sample is given in Table 3 . The columns give (1) current number, (2) Hipparcos number, (3) π o corrected parallax, (4) [M/H] metallicity, (5) V apparent magnitude, (6) K s apparent magnitude, (7) V − K s colour index, (8) M Ks absolute magnitude, and (9) Q parameter which indicates the quality of the JHK s magnitudes of a star. The quality of the RC stars are adopted from the Hipparcos catalogue, and the M Ks absolute magnitudes are evaluated by the following equation:
where π 0 is the corrected parallax of the star considered. As in Alves (2000), we assumed no foreground reddening (see also Section 3). The total number of stars for which M Ks absolute magnitudes could be estimated is 282.
We plotted the M Ks absolute magnitudes versus V − K s colours for these stars in Fig. 5 . The distribution of the diagram is rather different than the one given for the data in Laney et al. (2012) , i.e. there is a high condensation along a horizontal line and a large scattering beyond this formation. The range of the absolute magnitudes in Fig. 5 is much larger than the one in Fig. 1 , −3.6 ≤ M Ks ≤ −0.3 mag.
We evaluated the absolute magnitudes of 282 RC stars using Eq. (4) and compared them with the original ones in Table 3 . The mean of the residuals and the corresponding standard deviation are < ∆M Ks >= 0.209 and σ = 0.524 mag. As in Section 4, we evaluated another set of statistics by adopting the value −1.613 mag as the M Ks absolute magnitude for all RC stars, i.e. < ∆M Ks >= 0.133 and σ = 0.571 mag (Table 2 , row 4). Although the standard deviation evaluated by using the linear Eq. (4) is smaller than the one evaluated for the constant absolute magnitude, the corresponding mean of the residuals is about 1.6 times larger than the one estimated via constant absolute magnitude. The distribution of the residuals estimated by means of two procedures are given in Fig. 4 .
Discussion
We combined the (K s , J − K s ) data in Laney et al. (2012) with the V apparent magnitudes and trigonometric parallaxes taken from the Hipparcos catalogue and used them to fit the M Ks absolute magnitude to a linear relation in terms of V − K s colour. We preferred the data in Laney et al. (2012) for absolute magnitude calibration in terms of colour due to the high precession of the observed magnitudes. Laney et al. (2012) used 0.75m telescope at South African Astronomical Observatory and observed the brightest and nearest RC stars in the solar neighbourhood which provide accurate data.
We evaluated the M Ks absolute magnitude residuals, i.e. the difference between the absolute magnitude estimated by using Eq. (4) and the corresponding absolute magnitude in Table 1 , and compared them with another set of absolute magnitude residuals of the same stars evaluated by adopting the value −1.613 mag as the M Ks absolute magnitude for all RC stars. This value was claimed by Alves (2000) and Laney et al. (2012) as the mean M Ks absolute magnitude for RC stars. The mean of the absolute magnitude residuals evaluated by adopting the constant absolute magnitude value M Ks = −1.613 mag, < ∆M Ks >=−0.053 mag, is 53 times larger than the one evaluated by the linear equation < ∆M Ks >=−0.001 mag in our work. Also, the standard deviation corresponding to the linear equation is smaller than the other one. This comparison shows that the M Ks absolute magnitudes estimated by a linear equation in terms of colour are more accurate than the constant absolute magnitudes. The result obtained from the application of the procedure to the data in Alves (2000) is a bit different, however. Although the standard deviation corresponding to the linear equation is smaller than the one evaluated for constant absolute magnitude, the mean of the absolute magnitude residuals estimated via linear equation is 1.6 times larger than the other one. Differences between the statistics estimated for two sets of data originate from their trends of M Ks × (V − K s ) colour magnitude diagrams. The distribution of colour-magnitude diagram for the data in Laney et al. (2012) is almost diagonal, whereas the absolute magnitudes of RC stars in Alves (2000) are condensed along a horizontal line, M Ks ∼ −1.5 mag. As one can see in the Table 3 , the 2MASS data are not of best quality which probably affect the accuracy of the estimated absolute magnitudes.
Conclusion: It has been suggested that RC stars are standard candles and a mean value of M Ks = −1.613 mag based on the Hipparcos data has been claimed for them in the literature. In this study, we showed that the absolute magnitude for the K s band is colour dependent. However, we need data of best quality and a large sample in order to obtain a standard linear calibration of M Ks absolute magnitude in terms of colour. 112T120. We thank to Dr. Martin Lopez-Corredoira for his comments and suggestions. This research has made use of NASA's Astrophysics Data System and the SIMBAD database, operated at CDS, Strasbourg, France. Alves (2000) . The absolute magnitudes are estimated by using the corrected parallaxes. Table 3 Data taken from Alves (2000) . The columns are explained in the text.
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